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Multi-orbital systems with strong electron correlation give rise to novel physics which can not be 
understood by single particle pictures. To fully understand the physics in those systems is of great 
significance but also a tough work. Experimentally, optical conductivity spectra are one of the most 
powerful methods to explore the electron structure in the correlated material. Two prototypical systems 
of the multiorbital correlated electron systems have attracted much attention, the dimer-type organic 
molecular system and the excitonic insulating system.  
Dimer-type organic molecular solids exhibit exotic phenomena that are often observed in strongly 
correlated electron materials, such as a metal-insulator transition, a quantum spin-liquid state, and 
non BCS-type superconductivity. Low-energy properties are described by a molecular orbital, two of 
which in a dimer form bonding and antibonding orbitals. When the bonding or antibonding band is half 
filled, the system may be a Mott insulator if interactions between electrons are strong enough. A recent 
experiment for those compounds reported a dielectric anomaly, indicating the existence of active electric 
dipole moments, which can be generated by asymmetric distributions of electrons in the dimers. The 
excitonic insulator (EI) state was first predicted in the middle of last century. The effective attractive 
interaction between electrons and holes, originating from the repulsive Coulomb interaction, makes an 
original semiconducting or semimetal state unstable and gives rise to a spontaneous hybridized state of 
the valence and conduction electrons. Recently, experimental observations of EI states have been 
reported in chalcogenides and transition metal oxides, e.g., Ta2NiSe5 and LaCoO3 . Since the EI order 
parameter generally has the form of an inter-band mixing which is difficult to observe directly in 
experiments, it is important to explore observable physical quantities characterizing EI states.  
In this dissertation, I study the optical responses in the multi-orbital systems with strong electron 
correlation. We clarify the optical responses at finite temperature in both the long-range ordered and 
disordered phases. In particular, we take into account the correlation effect, finite temperature effect, 
the long-range order effect and the multiorbital effect on an equal footing, in contrast to the previous 
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theoretical researches. I set up the following two detailed themes: 1) To clarify characteristics of the 
optical responses in the dimer-type organic molecular system with strong electron correlation in both 
the Mott insulating state and the polar charge ordered phases. 2) To clarify characteristics of the optical 
responses in the EI system with strong electron correlation and compare with the optical responses in 
the low-spin band insulator and high-spin Mott insulator.  
In order to achieve these purposes, we adopt the extended two-orbital Hubbard models for the dimer-
type organic molecular systems and the EI systems. We use one of the most powerful techniques in the 
quantum cluster method, the variational cluster approach, to consider the local electron-electron 
correlation exactly and the possible long-range orders, which usually appear only in the thermodynamic 
limit by the spontaneous symmetry breaking. The optical conductivity spectra are calculated by the 
linear response theory with vertex correction.  
We calculated the finite temperature phase diagram. The results have been compared with our previous 
studies by the mean-field and Monte-Carlo methods. A competition between the AF phase and the CO 
phase is found. The one particle excitation spectral have been calculated to study the electron structure. 
In the strong dimerization regime, we assigned the bonding and antibonding bands. The bonding band 
is further split by the effective Coulomb interaction Ueff. The optical conductivity spectra have been 
calculated. According to the arrangement of the dimers, a Hubbard peak is found in the σxx, and a dimer 
peak is found in the σyy. The soften model near the CO-DM phase boundary is not fully reproduced due 
to the small cluster we have adopted. We have shown that the peaks positions are influenced by the 
appearance of the AF phase in the temperature dependent optical conductivity spectra. With decreasing 
temperature as the AF phase appears, the Hubbard peak shifts into high energy regime in the DM 
phase, while the peak energy of the Hubbard peak is not influenced too much in the CO phase. The 
dimer peak in the CO phase shifts to lower energy regime while it is not influenced too much in the DM 
phase. The shift of the Hubbard peak is due to the doubling of the Brillouin zone. The shift of the dimer 
peak is due to the exchange energy induced by the AF. 
As for the EI system, we confirmed the spin state transition induced by the competition between Hund’s 
coupling and energy split. We calculated the finite temperature phase diagram and shown the 
competitions between the LS state, the ESDW state, the HL state, and the HS (AF) state. We calculated 
the one particle excitation spectra and the optical conductivity spectra. We find in low temperatures 
that a peak structure appears only in the EI phase. This peak intensity is scaled by the EI order 
parameter in low temperature. We suggest that this is available to identify the EI phase. At high 
temperature, we found a similar peak at the same position of EI peak. This peak, however, has a 
different origin and has been explained as the thermal fluctuation. This point was proved by the 




























た研究活動を行うに足る高度の研究能力と学識を有することを示した。よって LI, Hengyue 提出
の論文は博士（理学）の学位論文として合格と認める。 
 
 
 
